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Abstract
Background—The U.S. infant mortality rate has been steadily decreasing in recent years as has 
the preterm birth rate; preterm birth is a major factor associated with death during the first year of 
life. The degree to which changes in gestational age-specific mortality and changes in the 
distribution of births by gestational age have contributed to the decrease in the infant mortality rate 
requires clarification.
Objectives—To better understand the major contributors to the 2007–2013 infant mortality 
decline for the total population, and for infants born to non-Hispanic black, non-Hispanic white, 
and Hispanic women.
Study Design—We identified births and infant deaths from 2007 and 2013 Centers for Disease 
Control and Prevention National Vital Statistics System’s period linked birth and infant death files. 
We included all deaths and births for which there was a reported gestational age at birth on the 
birth certificate of 22 weeks or greater. The decrease in the infant mortality rate was disaggregated 
such that all of the change could be attributed to improvements in gestational age-specific infant 
mortality rates and changes in the distribution of gestational age, by week of gestation, using the 
Kitagawa method. Sensitivity analyses were performed to account for records where obstetric 
estimate of gestational age was missing and for deaths and births less than 22 weeks gestation. 
Maternal race and ethnicity information was obtained from the birth certificate.
Results—The infant mortality rates after exclusions were 5.72 and 4.92 per 1000 live births for 
2007 and 2013 respectively with an absolute difference of −0.80 (14% decrease). Infant mortality 
rates declined by 11% for non-Hispanic whites, by 19% for non-Hispanic blacks, and by 14% for 
Corresponding author: William M. Callaghan, MD, MPH, Division of Reproductive Health, National Center for Chronic Disease 
Prevention and Health Promotion, Centers for Disease Control and Prevention, 4770 Buford Hwy, MS F-74, Atlanta, GA 30341-3717, 
TEL: 770-488-6327, FAX: 770-488-6391, wgc0@cdc.gov. 
Publisher's Disclaimer: This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to our 
customers we are providing this early version of the manuscript. The manuscript will undergo copyediting, typesetting, and review of 
the resulting proof before it is published in its final form. Please note that during the production process errors may be discovered 
which could affect the content, and all legal disclaimers that apply to the journal pertain.
The authors report no conflicts of interest.
Presented as a poster at the Society for Maternal-Fetal Medicine’s 36th Annual Pregnancy Meeting, Atlanta, GA, February 4, 2016
Disclaimer: The findings and conclusions in this report are those of the authors and do not necessarily represent the official position 
of the Centers for Disease Control and Prevention.
HHS Public Access
Author manuscript
Am J Obstet Gynecol. Author manuscript; available in PMC 2018 January 01.
Published in final edited form as:













Hispanics during the period. Compared to 2007, the proportion of births in each gestational age 
category was lower in 2013 with the exception of 39 weeks where there was an increase in the 
proportion of births from 30.1 percent in 2007 to 37.5 percent in 2013. Gestational age-specific 
mortality decreased for each gestational age category between 2007 and 2013 except 33 weeks and 
>42 weeks. About 31 percent of the decrease in the US infant mortality rate from 2007–2013 was 
due to changes in the gestational age distribution, and 69 percent was due to improvements in 
gestational age-specific survival. Improvements in the gestational age distribution from 2007–2013 
benefitted infants of non-Hispanic white women (48%) the most, followed by infants of non-
Hispanic black (31%) and Hispanic (17%) women.
Conclusions—Infant mortality improved between 2007 and 2013 as a result of both 
improvements in the distribution of gestational age at birth and improvements in survival after 
birth. The differential contribution of improvements in the gestational age distribution at birth by 
race and ethnicity suggests that preconception and antenatal health and health care aimed at 
preventing or delaying preterm birth may not be reaching all populations.
Condensation
The decrease in US infant mortality rate between 2007 and 2013 was attributed to changes in 
gestational age distribution and decreased gestational age-specific mortality.
Keywords
Infant mortality; Kitagawa analysis; preterm birth
Introduction
The U.S. infant mortality rate has been steadily decreasing in recent years from 6.75 per 
1000 live births in 2007 to 5.96 per 1000 live births in 2013.1 During this same period, 
preterm birth rates also decreased. Based on gestational age recorded as “obstetric estimate” 
or “clinical estimate” on US birth certificates, the preterm birth rate fell from 10.44 percent 
in 2007 to 9.62 percent in 2013.2 Preterm birth is a major contributor to infant mortality. 
Two-thirds of all infant deaths occur among those infants born preterm and, based on 
conservative assumptions with respect to International Classification of Disease coding on 
death certificates and causal pathways between gestational age at birth and death in the first 
year of life, preterm-related mortality constitutes more than one-third of infant deaths.1,3 
Hence an infant mortality rate for a given birth cohort can be seen as a function of the 
distribution of births by gestational age and the gestational age-specific mortality rate; 
changes in either or both of these parameters will result in change in the infant mortality 
rate.
It is not clear if the recent decrease in the infant mortality rate is driven by changes in the 
percentages of infants born preterm (distribution of births by gestational age), particularly at 
the earliest preterm gestations, changes in the risk of death at each gestational age 
(gestational age-specific mortality), or both. Moreover, in light of the persistent and well-
documented disparities in preterm birth and infant mortality,1–2 it is not clear if changes in 
the two parameters of interest have been equivalent or disparate for non-Hispanic black, 
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non-Hispanic white and Hispanic women and their infants. Preterm birth rates and infant 
mortality rates have decreased since 2007 for all women and their infants regardless of race 
and ethnicity. The aim of this study was to decompose the change in the US infant mortality 
rate into that proportion attributable to the change in the distribution of gestational age and 
the proportion attributable to gestational age-specific mortality for the total, non-Hispanic 
black, non-Hispanic white and Hispanic populations.
Materials and Methods
We used data from the Centers for Disease Control and Prevention National Vital Statistics 
System’s period linked birth and infant death files for 2007 and 2013.4 In this data set, 
information from death certificates for each person less than 365 days old in a given year is 
linked to the birth certificate. Hence, information on the birth certificate, including maternal 
race and ethnicity and gestational age at birth, can be used to augment the death data and 
these data comprise the numerator file. The denominator file consists of all live births in a 
given year. In 2007 and 2013, 98.4 and 99.0 percent of infant deaths respectively could be 
linked to a corresponding birth certificate. The number of infant deaths in the linked file are 
weighted to equal the sum of the linked plus unlinked infant deaths by age at death and state 
and these weights are applied during analysis to account for the small fractions of unlinked 
infant deaths, thus resulting in counts representing the entire population. The years 2007 and 
2013 were chosen because 2007 is the first year that California, a state which has 
approximately 12 percent of births in the United States, reported gestational age at birth 
based on any criteria other than last menstrual period and 2007 was beginning of the decline 
in the US infant mortality rate. The most recent year linked birth infant death data is 2013. A 
detailed description of the linkage can be found elsewhere.4 This public use data set is 
derived from de-identified birth certificates and death certificates and hence fall outside the 
definition of human subjects. Therefore, this analysis was not subject to institutional review.
We included all deaths and births for which there was a reported gestational age at birth on 
the birth certificate of 22 weeks or greater. Although gestational age based on the last 
menstrual period (LMP) recorded on the birth certificate has been the traditional source of 
gestational age in national statistics, a large body of research demonstrates the superiority of 
the obstetric estimate over the LMP-based estimate and there appears to be little difference 
between the contemporary terms “obstetric estimate” and “clinical” estimates.2, 5 In 2014, 
the National Center for Health Statistics (NCHS) began using the obstetric estimate as the 
preferred measure of gestational age for national reporting. The obstetric estimate is defined 
by the NCHS as “the best estimate of the infant’s gestation in completed weeks based on the 
birth attendant’s final estimate of gestation”2 Hence, the first choice for gestational age in 
this analysis was based on the obstetric or clinical estimate (referred to hereafter as obstetric 
estimate). If the obstetric estimate of gestational age was missing and an LMP-based 
estimate was available, the LMP-based estimate was used as the estimate for gestational age. 
In 2007, 465 infant deaths and 13,452 births (1.5% and 0.3% of deaths and births 
respectively) and in 2013, 59 infant deaths and 3822 births (0.3% and 0.1% of deaths and 
births respectively) had LMP-based gestational age estimates due to missing obstetric 
estimates and available LMP-based estimates. For race- and ethnicity-specific analyses, 
maternal race and ethnicity was obtained from birth certificates and recorded as non-
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Hispanic black, non-Hispanic white and Hispanic. Race and ethnicity from the birth 
certificate is considered more reliable than from the death certificate because they are 
reported by the mother whereas the race and ethnicity of a decedent are reported by funeral 
directors and there may be variability in the sources of that information1.
Infant mortality was viewed as the product of the number of births at each gestational age 
(GA) and the gestational age-specific mortality. Hence the total infant mortality rate (IMR) 
can be expressed as:
It then follows that the infant mortality rate can be decomposed by the method of Kitagawa6:
where N1 and N2 are IMRs in 2013 and 2007 respectively; R1 and R2 are gestational age-
specific mortality rates in 2013 and 2007 respectively; F1 and F2 are proportions of births at 
each gestational week for 2013 and 2007 respectively. The first half of the equation after the 
summation sign represents the proportion of the infant mortality rate attributable to the GA 
distribution and the second half the proportion attributable to the GA-specific mortality.
The numbers of deaths and births at each week of gestation 22 weeks and greater were 
tabulated from the numerator and denominator files respectively and the gestational age-
specific mortality rates were calculated as the proportion of deaths to births in a given year. 
The proportion of births at each gestational age was calculated as the fraction of the total 
births for the year. The Kitagawa decomposition was tabulated and summed for the total, 
non-Hispanic black, non-Hispanic white and Hispanic populations. Sensitivity analyses that 
included births and deaths for which the obstetric estimate was available were done to 
account for births and deaths where LMP-based gestational age was substituted for missing 
obstetric gestational age. Also, because deaths and births with gestational age less than 22 
weeks are included in US infant mortality rates, sensitivity analyses were done to account 
for the exclusion of these events.
Results
After excluding births (0.3% in 2007 and 0.2% in 2013) and deaths (15.5% in 2007 and 
17.7% in 2013) less than 22 weeks and for whom gestational age information was missing, 
there were 24,633 infant deaths and 4,304,549 live births in 2007 and 19,301 infant deaths 
and 3,924,071 live births for 2013. The primary reason for excluding deaths was gestational 
age at birth less than 22 weeks (14.8% in 2007 and 16.9% in 2013). The infant mortality 
rates after exclusions were 5.72 and 4.92 per 1000 live births for 2007 and 2013 respectively 
with an absolute difference of −0.80 (14% decrease). The preterm birth rates (births 22–36 
weeks) were 10.3 and 9.5 per 100 live births in 2007 and 2013 respectively. Compared to 
2007, the proportion of births for each gestational age category was lower in 2013 except for 
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39 weeks where there was an increase in the proportion of births from 30.1 percent in 2007 
to 37.5 percent in 2013. The gestational age-specific mortality decreased for each successive 
increase in gestational age between 2007 and 2013 except for gestational age 33 weeks 
where the increase was small (<2%) and gestational ages 42 weeks and greater where there 
were relatively few births and deaths (Table 1, Figure 1).
The results of the Kitagawa analysis by single weeks of gestational age are shown in Table 
2. For each gestational age, the decomposition analysis demonstrates the contribution of 
changes in gestational age distribution and gestational specific mortality to the change in 
infant mortality. For example at age 22 weeks, 88% of the total decrease was due to changes 
in GA distribution and 12% was due to changes in GA specific mortality. At 33 and 42 and 
greater weeks gestation, the contribution to the overall decrease was completely driven by 
the change in the gestational age distribution for those weeks because gestational-age 
specific mortality increased for these groups. At 39 weeks, the overall decrease in infant 
mortality was completely driven by improvement in gestational age-specific mortality. We 
found that 31 percent of the overall infant mortality decrease was due to changes in the 
gestational age distribution and 69 percent was due to improvements in gestational age-
specific survival.
The infant mortality rate for non-Hispanic white infants born at 22 weeks and older fell from 
4.91 to 4.37 (11%), for non-Hispanic black infants from 10.67 to 8.62 (19%) and for 
Hispanic infants from 4.76 to 4.08 (14%) per 1000 births between 2007 and 2013. The 
patterns at each gestational age were similar to the pattern in the total population in terms of 
the direction of change when the analysis was stratified by the three race-ethnicity groups 
although the magnitude of change at each gestational age differed (data not shown). Overall 
non-Hispanic white infants had a greater benefit from the change in the gestational age 
distribution than did non-Hispanic black and Hispanic infants. Forty-eight percent of the 
total decrease in infant mortality was attributed to improvements in the gestational age 
distribution for non-Hispanic white women while 31 percent and 14 percent of the decrease 
was attributed to such improvements for non-Hispanic black and Hispanic infants, 
respectively (Figure 2).
The overall contribution to changes in infant mortality rates by standard collapsed 
gestational age groupings is shown in Table 3. Not surprisingly, improvements for infants 
born at <32 weeks make the greatest contribution to the overall decrease in infant mortality 
for the entire population and for each race and ethnicity group. Thirty percent of the 
decrease in the infant mortality rate for the entire population was attributable to 
improvements for infants born late preterm (34–36 weeks; 10.1%) and early term (37–38 
weeks; 19.7%). When broken down by race and ethnicity, almost 39% of the total decrease 
in infant mortality rate for non-Hispanic whites was attributed to improvements for infants 
born late preterm and early term while the contribution to declines in infant mortality rates 
for these gestational ages for non-Hispanic blacks and Hispanics were 21% and 24%.
In sensitivity analyses, we examined the percent contribution by race and ethnicity when 1) 
births and deaths with missing obstetric gestational age (replaced with LMP-based 
gestational age in main analysis) were excluded, and 2) births and deaths that occurred at 
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less than 22 weeks were included. In both cases, there was minimal change in the 
contributions of gestational-age distributions and gestational age-specific mortality for non-
Hispanic black and non-Hispanic white infants. For Hispanic infants, the results for scenario 
1 were similar to the main study. However in scenario 2, at <22 weeks gestation there were 
modest increases in the proportion of births (13.4%) and mortality rate (8.6%) from 2007 to 
2013; therefore only decreases in gestational age-specific mortality contributed to the 
change in the infant mortality rates for Hispanic infants (Figure 3).
Comment
Infant mortality improved between 2007 and 2013 as a result of both improvements in the 
distribution of preterm births and improvements in survival after birth. Decreases in 
mortality at each week of preterm gestation, with the exception of a small increase at 33 
weeks, contributed to the overall decrease and this occurred for non-Hispanic black, non-
Hispanic white and Hispanic infants. While the changes in distribution of births and survival 
were most important at the earliest preterm gestations, substantial improvements also 
occurred for late preterm and early term infants. Accompanying the decrease in preterm 
births was an increase in the proportion of births at 39 weeks, when mortality rates are quite 
low. This shift has occurred concurrent with the accrual of evidence that infants born at early 
term gestations experience higher morbidity and mortality.7–8 Hence, this shift can be 
viewed through a positive lens. Still, because not all infant mortality can be attributed to 
gestational age at birth, as more births are shifted to 39 weeks, increased attention needs to 
be focused on causes of death common in this gestational age group, such as unintentional 
injuries, congenital anomalies, and sudden unexplained deaths.
Even modest improvement in survival at the earliest gestation, where gestational age-
specific mortality is exceedingly high, contributes to overall decreases in infant mortality 
rates. Although not followed throughout infancy, a recent report from the Eunice Kennedy 
Shriver National Institute of Child Health and Human Development Neonatal Research 
Network documented recent increases in survival to discharge for infants born extremely 
preterm, particularly for those born at 23 and 24 weeks. Moreover, survival to discharge 
without serious morbidities, a likely predictor of survival through infancy, increased for 
those born 25 through 28 weeks.9 Surely this trend represents improvements in care after 
birth, such as more appropriate use of intubation resulting in reductions in lung injury and 
better infection control practices resulting in reductions in late onset sepsis.9
Obstetrical practices also likely have impacts in achieving reductions in infant mortality, 
particularly in regard to improving the overall gestational age distribution. Just as small 
improvements in survival at high risk gestational ages makes an impact on overall infant 
mortality, declines in the proportions of births at these same high risk gestational ages may 
have substantial impacts on infant mortality. Shortly after the clinical trial demonstrating a 
salutary effect of 17 alpha-hydroxyprogesterone caproate (17-OHP) on the risk of preterm 
birth among women with a prior preterm birth, it was estimated that universal appropriate 
implementation of this intervention would have an important, but small effect on the overall 
preterm birth rate.10 However, viewing preterm birth as a dichotomous outcome does not 
account for small but important shifts in the distribution. Shifting a birth that may have 
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occurred at 24 weeks to 28 weeks shifts the risk of mortality for that infant from 300–400 
per 1000 births to less than 100 per 1000 births. While such phenomena are difficult to study 
rigorously, it is not inconceivable that appropriate use of 17-OHP, vaginal progestogens and 
cerclage are not just preventing preterm birth11 but also prolonging pregnancies to a 
gestation that better favors survival. Recent efforts that re-define response to such 
interventions, such as prolongation of gestation as opposed to singularly monitoring preterm 
birth, may help better understand this impact.12 Trials of interventions to prevent preterm 
birth should consider more subtle but important effects prior to discontinuing them when 
they fail to show an effect on the dichotomous outcome of preterm birth, as suggested by 
Mol and Byrne.13 Additionally, the consistent use of antenatal corticosteroids and increasing 
the availability of well-organized regional levels of care and referrals for women and infants 
will lead both to important prolongation of gestation and best care for neonates.14–15 
Importantly, contemporary evidence supporting the appropriate avoidance of late preterm 
and early term deliveries16–18 and using such evidence to inform quality improvement 
efforts19–20 have resulted in a shift nationally to increase the proportion of births at 39 weeks 
gestation.
The strength of this analysis is that two full years of national data were used and thus it 
represents the recent infant mortality experience in the United States. The analysis was 
based on vital records and hence has limitations imposed by missing and misclassified 
information. A substantial fraction of deaths for each year occurred among infants born at 
less than 22 weeks gestation. Because the definition of live birth has no lower limit for 
birthweight or gestational age, these births can be legitimately included. However, because 
these infants did not have 100 percent mortality, even when the recorded gestational age was 
less than 20 weeks, we believe there was enough misclassification of gestational age to 
exclude them; our sensitivity analysis showed that this exclusion had only small effects and 
would not change our interpretation of the data. Similarly, results including substituted 
LMP-based estimates of gestational age for missing obstetric estimates did not differ from 
analyses excluding those birth and deaths. Finally, the period linked file is not strictly a 
cohort. Deaths that occur in a given calendar year are linked back to their birth certificates 
even if the birth occurred in the prior year while births are those that occur in the index year. 
Hence, not every death is included in the denominator as some of the infants in the 
denominator will die in the subsequent year. However, the denominator is huge (about 4 
million births yearly) compared to the numerator. Moreover, identical infant mortality rates 
for 2013 were reported regardless of whether they are calculated using the period linked 
birth and infant death file or the unlinked multiple cause mortality files1, 21
Reasons for declining preterm birth rates have been posited to include changes in risk factors 
for preterm birth (e.g. maternal age, multiple births), interventions for prevention 
(progestogens, cerclage) and promulgation of evidence-based guidelines.11 Care practices 
aimed at reducing morbidity and mortality of extremely preterm neonates have demonstrated 
success.9, 22 Our analysis was an attempt to quantify the relative contributions of prolonging 
gestation and improving survival when preterm birth occurs. The successes are noteworthy 
but the work must continue. The finding that non-Hispanic black infants had the greatest 
improvement in infant mortality is encouraging given the longstanding high infant mortality 
rate for this population. However, in spite of the finding that the infant mortality and preterm 
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birth rates for non-Hispanic black and Hispanics fell, improvements in gestation age-specific 
mortality was more salient for these groups. The benefit of the improved gestational age 
distribution was not as great for non-Hispanic black infants as for non-Hispanic white 
infants, and Hispanic infants had even less benefit from changes in gestational age 
distribution. While early term non-Hispanic white infants contributed 30 percent of the 
decrease in infant mortality rates, the same could not be said for non-Hispanic black infants 
(11%) and Hispanic infants (15%) did not receive the same benefit. To the degree that care 
practices influence pregnancy prolongation, this may represent issues of differential access 
and distribution of care, particularly for the Hispanic population. Moreover, in spite of 
improvements, the overall disparity in preterm birth and infant mortality between non- 
Hispanic black and non-Hispanic white women and their infants persists. Therefore, greater 
efforts must be made to develop the evidence for what is and is not working and to ensure 
that interventions are available to all.
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Percent change in gestational age-specific mortality, 2007–2013 (A) and percent decrease in 
proportion of births, 2007–2013 (B) for all births and deaths. Positive percentages indicate 
decreases and negative percentages are increases.
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Contributions to decline in infant mortality rates from 2007 to 2013 for births 22 weeks and 
greater
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Contributions to decline in infant mortality rates from 2007 to 2013 for all live births.
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Table 3
Contribution by gestational age to the overall infant mortality decline 2007–2013, for the total population and 












<32 63.4 60.8 73.4 61.9
32–33 2.6 −0.6 3.5 4.3
34–36 10.1 8.9 9.6 9.4
37–38 19.7 29.7 11.0 14.5
39–41 3.2 0.2 2.1 8.6





0.80 0.54 2.05 0.68
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